The odd-skipped (odd) gene encodes a zinc ®nger protein that represses other segmentation genes in the early Drosophila embryo. Though odd is initially expressed in a striped pattern that re¯ects its function within the segmentation hierarchy, it is also expressed in a variety of patterns during later stages of embryogenesis. To identify the cells and tissues that correspond to these latter patterns, we examined the distribution of the Odd protein at all embryonic stages. Our results indicate that Odd is a speci®c and persistent marker for subsets of cells in developing mesoderm, ectoderm, and neural tissue. We conclude that Odd is a useful tool for studying cell speci®cation, cell migrations and morphogenetic movements during organogenesis of the heart, gut and central nervous system. q
odd was initially identi®ed as a pair-rule gene during the screens of Nu Èsslein-Volhard and Wieschaus (1980) , and its role in segmentation has been further established by additional studies of its phenotype (e.g. DiNardo and O'Farrell, 1987; Coulter and Wieschaus, 1988; Mullen and DiNardo, 1995; Saulier-Le Dre Âan et al., 1998) and expression in the early embryo, (e.g. Coulter et al., 1990; Hart et al., 1996; Ward, 1997) . However, during our previous studies we noted that odd mRNA and Odd protein accumulate in a wide variety of`unexpected' embryonic tissues after the onset of gastrulation. Because these patterns do not correspond spatially or temporally to the striped expression characteristic of a segmentation gene, they suggest that odd may have additional functions during development, as is common for many segmentation genes (Pankratz and Ja Èckle, 1993) . To investigate this possibility, we have used an antibody speci®c for the Odd protein (Ward, 1997) to characterize expression throughout embryogenesis. Here, we describe the developmental expression of Odd within the gut, mesoderm, and central nervous system, using accompanying ®gures to provide selected examples. Embryonic staging, and the identi®cation of internal tissues and physiological functions are based upon descriptions in Campos-Ortega and Hartenstein (1985) .
Odd is expressed in distinct regions of the gut
Moving from anterior to posterior within the gut, Odd is expressed in the following regions: a ring around the salivary duct (Fig. 1C) ; within the proventriculus (Fig. 1D) ; posterior region of the midgut (Fig. 1E) ; and the proximal Malpighian tubules (Fig. 1E) . The salivary duct connects the salivary glands to the pharynx. Odd is expressed in a ring of cells midway along the length of this duct (Fig. 1A,C) . Distinct expression within the salivary duct primordium (Kuo et al., 1996) can be traced back to stage 11, when six Odd-positive cells (three per hemisegment) appear within the ventral epidermis of parasegment 2 (Fig. 2C) . Following their association into a cluster (Fig. 2D ), these migrate interiorly and dorsally to assume their ®nal position within the duct (Figs. 1A,C) . The proventriculus is a complex, triple-layered structure where the foregut and the midgut join together to form a gastric valve. Odd is expressed in the outermost layer of the proventriculus (Fig. 1D) . Although the proventriculus is not formed until stage 16, Odd expression in these cells can be traced back to cellularization, when cells at the anterior terminus begin expressing Odd. These cells enter the body via the stomodeum ( Fig. 2A) and move together as a narrow band of cells as the foregut extends caudally (Fig. 2G,H) . Odd continues to be expressed as the gastric valve is formed and moves into its ®nal destination within the animal (Fig. 1A,D) . The Malpighian tubules perform an excretory and osmoregulatory function in the animal. The two pairs of branched tubules each join in a common ureter that empties into the hindgut. Odd is expressed in each ureter and in the posterior midgut (Fig. 1E) . From stage 11 onward Odd is expressed in cells which will become incorporated into the ureters and posterior midgut ( Fig. 2A ,B,H). Analysis of third instar larvae reveals that Odd expression is not maintained in the gut throughout larval development (Ward, 1997) .
Odd is expressed in nephrocytes
Odd is expressed in the garland cells associated with the proventriculus (Fig. 1D) ; the pericardial cells (Fig. 1F) ; and the lymph glands associated with the heart (Fig. 1A) . Together, these three cell types comprise a subpopulation of cells called nephrocytes, which are phagocytic cells that along with the Malpighian tubules form the excretory system of insects (reviewed by Crossley, 1985) . The origin of the garland cells has not been described, however, they can be observed at stage 11, where they are loosely attached to the foregut cells expressing Odd (described above, Fig. 2A,G) . The garland cells remain attached to these foregut cells throughout the remainder of development (Fig. 1D) . The progenitors of the lymph glands arise during stage 11 in the dorsal mesoderm of thoracic segment 1 through abdominal segment 1 (T1±A1) (Fig.  2E) . During subsequent stages additional lymph gland progenitors arise and these cells migrate posteriorly (Fig.  2F) to the A1/A2 boundary, where they form clusters of cells corresponding to the lymph glands (Fig. 1A) . At the end of development the Odd pericardial cells form contin- 
E). Odd is a marker for a type of cells called nephrocytes (see text). These cells correspond to the lymph glands (A), the garland cells (D) and the pericardial cells the dorsal vessel (F).
Odd is also expressed in the vicinity of the pharynx (B) and within distinct regions of the supraoesophageal ganglion (asterisks show regions in other focal planes which express Odd). Abbreviations: cb, cardioblast cells; dv, dorsal vessel; gc, garland cells; lg, lymph gland; mt, Malpighian tubules; ph, pharynx; pmg, posterior midgut; pc, pericardial cells; pv, proventriculus; sd, salivary duct; spg, supraoesophageal ganglion. uous rows of cells¯anking either side of the contractile heart tube (Fig. 1F) . The anterior of each row terminates at a lymph gland (Fig. 1A) . Double labeling showed that Odd and Eve, another pericardial cell marker (Frasch et al., 1987) , are expressed in distinct pericardial cells, with the Odd-positive cells located ventral to the Eve-positive cells (Ward, 1997) . Analysis of third instar larvae indicates that nephrocyte-speci®c expression persists during larval development (Ward, 1997) .
Odd is expressed in the central nervous system
Odd is expressed in a subset of cells within the central nervous system. At the end of development Odd is expressed in three discrete clusters within the brain (Fig.  1B) . From stage 11 onwards ( Fig. 2A,B ,G,H) Odd can be observed continuously in the supraoesophageal ganglion, a region which gives rise to the brain. Odd is also expressed in a few neuroblasts and neurons within each segment of Lymph gland progenitors arise in the anterior margins of the dorsal mesoderm in T1±A1 (E). As stage 12 progresses additional Odd cells arise in these hemisegments, and begin migrating posteriorly. Note that most of the lymph gland cells in T1 have migrated into T2 (F). Cells destined to become incorporated into the brain can ®rst be observed expressing Odd in the supraoesophageal ganglion (A,B,H). During stage 9 Odd is expressed in a subset of midline glial cells ((I), arrows). During stage 11 Odd is expressed in sub-epidermal cells whose fate is unknown ((J), arrows). Abbreviations: gc, garland cells; lg, lymph gland; mg, midline glia; ml, ventral midline; pmg, posterior midgut; pc, pericardial cells; pv, proventriculus; spg, supraoesophageal ganglion; st, stomodeum.
the developing nerve cord. The majority of the Odd positive cells within the neuroectoderm have been well characterized by C. Doe and members of his laboratory (Broadus et al., 1995; Skeath et al., 1995; Spana et al., 1995) . In addition to their reports, we observe that Odd accumulates transiently during stage 9 in a subset of midline glial cells (Fig. 2I) . The exact identity of the Odd expressing glial cells is not known.
Odd is expressed in select apodemes
Somatic muscles are attached to the exoskeleton via tendon-like junctions called apodemes. In the trunk of the animal, there is one Odd-expressing apodeme per hemisegment, located midway along the dorsal/ventral axis (data not shown; Ward, 1997) . The muscle(s) attached to this apodeme are unknown. Odd is also expressed in the vicinity of the pharynx (Fig. 1A,B) . Based upon position this expression corresponds to either the pharyngeal muscles or to the apodemes attaching the pharyngeal muscles to the exoskeleton.
In summary, Odd expression identi®es distinct subsets of cells in the gut, mesoderm, CNS and ectoderm. Furthermore, because it marks these cells throughout their development, Odd is a useful tool for following the morphogenetic movements of these tissues. Interestingly, these cells are readily identi®ed in a strong odd mutant which makes a truncated protein recognized by the antiserum (data not shown, Ward, 1997) . Because this mutant appears to be a functional null, this observation indicates that the Odd-expressing tissues may not require Odd function for their initial speci®cation and development, but does not preclude an essential role for Odd in other aspects of the structure or physiology of these cells.
Methods
Wild-type embryos were formaldehyde-®xed and prepared as described (Ward, 1997) . Antibodies were used at the following dilutions: 1/20 000 for Odd antiserum and 1/3000 for goat anti-rabbit IgG (Vector). Embryos were mounted in Permount and viewed with Nomarski optics.
